PLASMA DISPLAY PANEL WITH CONSTANT COLOR TEMPERATURE OR COLOR 

DEVIATION 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a plasma display panel 
(hereafter PDP), and more particularly to a PDP which can keep 
color temperature or color deviation constant regardless the 
display load factor. 

2 . Description of the Related Art 

PDP is a flat display panel which implements a 42 inch large 
screen, PDP has a gas discharge space where discharge gas is 
sealed between the front face side substrate and the rear face 
side substrate. By ultra-violet rays generated by the space 
charges, ions and electrons, which are generated by discharging 
in the gas discharge space, fluorescent substances formed inside 
are excited and the desired color display is implemented. 
Generally fluorescent substances for three primary colors, red 
(R) , green (G) and blue (B) are formed in each pixel, and the 
color display based on the combination of the three primary 
colors is executed by controlling the each emission intensity 
in each pixel. 

In this case, if the grayscale of RGB is 256, for example, 
a black display is executed when all the grayscales of RGB are 
0, and the white display is executed when all the grayscales 
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of RGB are 256. When the grayscales of RGB are less than 256 
but are all equal, the white display with low luminance (gray) 
is executed. 

Fig. 1 is a curve of color temperature. The abscissa is 
5 the X chromaticity coordinate, and the ordinate is the y 

chromatic ity coordinate. The curve with 0 deviation is a black 
body radiation curve where the color temperature changes along 
the curve. Along this black body radiation curve, a bluish white 
is generated if the color temperature is high, and yellowish 
O 10 white is generated if the color temperature is low. Also, at 

each color temperature, a greenish white is generated if 
UJ deviation shifts to the positive direction and reddish white 

ry is generated if deviation shifts to the negative direction. 

s_ For the color temperature of white created by three primary 

ff^ 15 colors, it is generally said that 9000 - lOOOOK is the optimum 
for Japanese. And it is said that 6 00 OK is the optimum for 
Europeans and Americans. White for PDP is desirable to be set 
to the above optimum color temperature values. 

Fig. 2 are drawings depicting the relationship between the 
20 display load factor, color temperature value and color 

temperature deviation of a general PDP. Fig. 2A shows the 
relationship between the display load factor and the color 
temperature value of white to be displayed for three types of 
PDPs , and Fig. 2B shows the relationship between the display 
25 load factor and the color temperature deviation of white to be 
displayed for the same three types of PDPs. The display load 
factor is a ratio of the display load which depends on luminance 
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and/or display area of a display image, where (1) when 256 
grayscales, which is the maximum grayscale, of white is 
displayed on the entire display screen, and the display load 
factor is 100%, (2) the display load factor decreases as the 
5 ratio of white to black in the display screen decreases, and 
(3) the display load factor decreases as the grayscale value 
of white decreases even if the ratio of the white to black is 
the same. 

As Fig. 2A shows, in the case of a PDP made by company B, 
4f 10 for example, the color temperature value when the display load 

factor is 30% is lOOOOK, where roughly an optimum white is 
W displayed, but as the display load factor increases, the color 

WSS3 

temperature value of white decreases and white becomes yellowish . 

L. This tendency is the same for the PDPs made by company A and 

Q 

P 15 company C. 

^ As Fig. 2B shows, in the case of company A and company C, 

O the deviation of the color temperature is almost 0 when the 

display load factor is about 30%, but as the display load factor 
increases, the deviation changes to the positive side and white 
20 becomes greenish . 

It is a serious problem where white turns a color in this 
manner depending on the display load factor. 
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SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to 
provide a PDP where the chromaticity coordinates of white do 
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not fluctuate depending on the display load factor. 

It is another object of the present invention to provide 
a PDP where the color temperature of white does not fluctuate 
depending on the display load factor. 

It is still another object of the present invention to 
provide a PDP where the deviation of the chromatic ity coordinate 
values of white on the black body radiation curve do not fluctuate 
even if the display load factor changes. 

To achieve the above objects, one aspect of the present 
invention is characterized in that the PDP drive means makes 
correction so as to decrease the emission intensity of green 
or to increase the emission intensity of blue as the display 
load factor increases compared with the case when the display 
load factor is lower. Or, the PDP drive means makes correction 
so as to increase the emission intensity of green or to decrease 
the emission intensity of blue as the display load factor 
decreases compared with the case when the display load factor 
is higher. Such a correction is effective when the 
monochromatic emission luminance of the fluorescent substance 
has such a saturation characteristic that the decrease in green 
is greater than blue as the emission frequency increases. 
Therefore, when the saturation characteristic is the opposite 
in terms of the relationship between green and blue, the 
increase/decrease of the emission intensity in the above 
correction must be the opposite. 

There are various ways to detect the display load factor. 
In a preferred embodiment, for example, the power consumption 



of the panel is monitored, and if the power consumption increases , 
display is corrected such that the emission intensity of green 
is decreased or the emission intensity of blue is increased. 
If power consumption decreases, on the other hand, display is 
corrected such that the emission intensity of green is increased 
or the emission intensity of blue is increased. 

In the case of another preferred embodiment, the drive 
frequency of the sustain discharge pulse is monitored and if 
the drive frequency decreases, display is corrected such that 
the emission intensity of green is decreased or the emission 
intensity of blue is increased. If the drive frequency 
increases, on the other hand, display is corrected such that 
the emission intensity of green is increased or the emission 
intensity of blue is decreased. 

As the above mentioned correction method for increasing 
or decreasing the emission intensity, increasing or decreasing 
the signal intensity of green and blue to be supplied is 
preferable. Because of this, the signal intensity of green for 
white, for example, is corrected to be lower as the display load 
factor increases so that white, which is the same as when the 
display load factor is lower, is displayed. 

The above invention prevents the optimum chromaticity 
coordinate values from deviating by the fluctuation of the color 
temperature value or by the deviation of the color temperature 
of white to be displayed along with the fluctuation of the display 
load factor. 

To achieve the above objects, another aspect of the present 



invention is characterized in that the PDP drive means controls 
the drive frequency of the sustain discharge pulse so as to be 
limited in the range where the emission intensity of the 
fluorescent substances of the panel does not saturate. In this 
case, when the emission intensity of the fluorescent substances 
of RGB of the panel have different saturation characteristics 
as the drive frequency increases, the drive means does not use 
the drive frequency which reaches the saturation area. 
Therefore, influence by the emission intensity saturation 
characteristic of the fluorescent substances of RGB is 
eliminated, the color temperature value or the deviation of the 
color temperature of white to be displayed is kept roughly 
constant without depending on the display load factor, and 
deviation from the optimum chromaticity coordinate values is 
prevented . 

To achieve the above objects, the present invention is a 
plasma display panel which displays colors by exciting a 
plurality of fluorescent substances using ultra-violet rays 
generated during discharge, wherein depending on a change of 
the display load factor, the plasma display panel drive unit 
corrects display by changing the emission intensity of a 
fluorescent substance of a predetermined color so that the ratio 
of the emission intensity of the above fluorescent substance 
of each color during white display is roughly the same when the 
above display load factor is low and high. 

It is still another object of the present invention to 
provide a PDP where white does not turn color depending on the 




display load factor by maintaining the chromaticity coordinate 
values during white display within ±0.005uv of the deviation 
area from the color temperature curve denoted by the black body 
radiation curve^ regardless the display load which depends on 
5 the luminance of the display image or display area. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig, 1 is a drawing depicting the color temperature curve; 

O 10 Fig. 2 are drawings depicting the relationship between the 

s.ri 

Ul display load factor, color temperature value and color 

W temperature deviation of a general PDP; 

fU Fig. 3 is a drawing depicting the relationship between the 

l_ display load factor, power consumption and drive frequency of 

15 a PDP; 

Fig. 4 is a drawing depicting the relationship between the 
drive frequency f and the monochromatic emission luminance of 
the fluorescent substances of a PDP; 

Fig. 5 is a table showing the display load factor, drive 
20 frequency and color temperature characteristics; 

Fig. 6 is a drawing depicting a panel configuration of the 
PDP to which the present embodiment is applied; 

Fig. 7 is a drawing depicting an example of the drive pulse 
waveform of the PDP shown in Fig. 6; 
25 Fig. 8 is a drawing depicting a configuration example of 

the PDP and the drive unit according to the first embodiment; 
Fig. 9 is a drawing depicting a configuration example of 
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the PDP and the drive unit according to the second embodiment; 
and 

Fig. 10 is a drawing depicting a configuration example of 
the PDP and the drive unit according to the third embodiment . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will now be described 
with reference to the accompanying drawings . These embodiments , 
however, do not restrict the technical scope of the present 
invention . 

Fig. 3 is a drawing depicting the relationship between the 
display load factor, power consumption and drive frequency of 
a PDP. As the display load factor increases, that is, as the 
display area increases and the display luminance of white 
increases, the required number of times of emissions during the 
sustain discharge increases and the power consumption of the 
panel increases. In a normal PDP, however, an increase in power 
consumption is not desirable and the drive circuit limits the 
drive frequency during the sustain discharge so that the power 
consumption is clamped to a predetermined value even if the 
display load factor increases • In other words , when the display 
load factor further increases after the predetermined display 
load factor is exceeded, as shown in Fig. 3, the drive circuit 
controls to decrease the drive frequency so that the power 
consumption is clamped to a predetermined value. 

Fig. 4 is a drawing depicting the relationship between the 



8 



drive frequency f and the monochromatic emission luminance of 
the fluorescent substances of the PDP. The monochromatic 
emission luminance of a fluorescent substance which can be used 
for PDP is generally low in the area where the drive frequency 
5 is low, and the monochromatic emission luminance increases as 
the drive frequency increases and the number of times of emission 
increases. However, as Fig. 4 shows, the emission luminance 
of the fluorescent substance of each RGB color reaches the 
saturation area when the drive frequency is further increased. 
10 Also, in the saturation characteristics of the fluorescent 
substances of RGB, the emission luminance of the green 
^ fluorescent substance drops considerably and the emission 

luminance of the blue fluorescent substance does not drop very 
much. Such saturation characteristics are unique to 

w 

15 fluorescent substances, and at the moment almost all available 
fluorescent substances have such saturation characteristics. 
S The drive method shown in Fig. 3 and the saturation 

characteristic of the fluorescent substance in Fig. 4 seem to 
be some of the reasons for the chromaticity coordinate values 

20 of white shown in Fig. 2 to fluctuate. Fig. 5 is a table showing 
the display load factor, drive frequency and color temperature 
characteristics according to the phenomena shown in Fig. 3 and 
Fig. 4. Case A is the case when the display load factor is small 
and case B is the case when the display load factor is large. 

25 Comparing case A, where the display load factor is small, 

and case B, where the display load factor is large, the drive 
frequency is high in case A and low in case B, and power 
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consumption decreases in case A and increases in case B, as Fig. 
3 shows. Also as Fig. 4 shows, the emission intensity of green 
is stronger and the emission intensity of blue is weaker in case 
B, where the display load factor is high, compared with case 
A, where the display load factor is low, due to the saturation 
characteristics of the fluorescent substances. 

Therefore, when the relative composing ratio of each color 
in white is set to the optimum in the area where the display 
load factor is low, for example, correction is made such that 
the emission intensity of green is decreased in case B, where 
the display load factor is high, more so than case A, where the 
display load factor is low. Or, correction is made such that 
the emission intensity of blue is increased in case B, where 
the display load factor is high, more so than case A, where the 
display load factor is low. Or, green and blue are 
simultaneously corrected. 

When the relative composing ratio of each color in white 
is set to an optimum in the area where the display load factor 
is high, on the other hand, correction is made such that the 
emission intensity of green is increased in case A, where the 
display load factor is small, more so than case B, where the 
display load factor is high. Or, correction is made such that 
the emission intensity of blue is decreased in case A, where 
the display load factor is low, more so than case B, where the 
display load factor is high. Or, green and blue are 
simultaneously corrected. 

Fig. 6 is a drawing depicting a panel configuration of the 
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PDP to which the present invention is applied. The front face 
side substrate 1 is a transparent substrate and is comprised 
of a glass substrate 1, for example. On the front face side 
glass substrate 1 , an X electrode and a Y electrode are 
alternately disposed as the sustain electrode 2, where the X 
electrode and the Y electrode form a display electrode pair. 
A protective layer 3 which consists of a dielectric layer and 
MgO is formed on the sustain electrode 2. The rear face side 
substrate 11 is comprised of a glass substrate, for example, 
where a plurality of address electrodes 12, a dielectric layer, 
which is not illustrated, fluorescent substances 13R, 13G and 
13B for the three primary colors red (R), green (G) and blue 
(B), and ribs 14 are disposed in the orthogonal direction to 
the sustain electrode 2. A rib 14 is formed between the address 
electrodes 12. A discharge gas, which is not illustrated, is 
filled between the substrates. 

Each pixel has fluorescent substances 13R, 13G and 13B for 
RGB respectively, and a desired color is displayed by the 
combination of the emission intensity of the three primary 
colors. When the emission intensity of the three primary colors 
are all at a maximum, for example, white, which has the maximum 
grayscales, is reproduced, and when the emission intensity of 
the three primary colors are all zero, black is reproduced. 

Fig. 7 is a drawing depicting an example of the drive 
waveform pulse of the PDP shown in Fig. 6. Fig. 7 shows a drive 
waveform pulse in one sub-frame. Each one of the address 
electrodes Al , A2 , . . Am is connected to the address driver. 



11 



and the address pulses A(1),A(2), . .A(n) are applied during 
the addressing period Ta according to the display data. The 
Y electrodes Yl, Y2, . . Yn are connected to the Y scan driver, 
and a selection pulse is applied from the Y scan driver during 
address scanning, and a sustain discharge pulse is applied from 
the Y common driver during emission (sustain period). The X 
electrodes are all connected to the X common driver from which 
a pulse is applied. These driver circuits are controlled by 
the control circuit and are controlled based on the 
synchronization signals and input signals, including data from 
the outside. 

The grayscale of the plasma display panel is displayed by 
matching each bit of the display data to the sub-frame period 
and changing the length of the sustain discharge period in the 
sub-frame according to the weighting of the bit. For example, 
a when 2^ grayscale display is executed with j bits, one frame 
is divided into j number of sub-frames. The length of the 
sustain discharge period Ts sf(j) of each sub-frame is in the 
ratio of 1:2:4:8: . .2^"\ Here, the address period Ta sf and 
the reset period Tr are the same lengths" for all the sub-frames. 

One sub-frame period consists of the reset period Tr, 
address period Ta, and the sustain discharge period Ts (Ts sf ) . 
In the reset period Tr, all the Y electrodes are set to OV, pulses 
are applied to all the address electrodes and X electrodes 
respectively, and after all the cells discharge, a self-erasing 
discharge for self neutralization and for ending the discharge 
is executed. Then, in the addressing period Ta, address 
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selection and discharge are executed for each line to turn the 
cells on/off according to the display data, and the priming 
charge is stored • Then pulses are applied alternately to the 
X electrodes and Y electrodes for the sustain discharge during 
the sustain discharge period Ts, and an image for one sub-frame 
is displayed. The luminance is determined by the number of times 
of pulses during the sustain discharge period. 

In this way, the luminance of 0 to 2^"^ grayscales can be 
displayed by turning on the sub-frames from 1 to j selectively. 

Increasing the drive frequency of the sustain discharge 
pulse in the sustain discharge period T^s, increases the general 
number of times of emissions, and increases the luminance. 
Increasing the drive frequency, however, tends to increase the 
power consumption of the panel. 

Fig. 8 is a drawing depicting a configuration example of 
the PDP and the drive unit according to the first embodiment. 
The PDP and the drive unit 80 are connected, for example, by 
a flexible cable. In Fig. 8, the address electrodes A, X 
electrodes X, Y electrodes Y and the pixels C are shown in the 
PDP. 

The drive unit 80 comprises address drivers 89A and 89B 
for driving the address electrodes A, a scan driver 86 for driving 
the Y electrodes during scanning, an X common driver 85 for 
commonly driving the X electrodes, and Y common driver 87 for 
commonly driving the Y electrodes . The image data DF for each 
frame from the outside includes RGB image data, and is stored 
in a frame memory 83 0 in a data processing circuit 83 via a signal 
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intensity adjustment part 91. Synchronization signals V^^^^ and 
Hsync f^om the outside are supplied to a scan controller 81 and 
a common driver controller 82 respectively. 

The data processing circuit 83, the scan controller 81 for 
controlling panel driving and the common driver controller 82 
constitute the control circuit 90. The data processing circuit 
83 executes, for example, gamma conversion and conversion to 
the sub-field data Dsf based on binary processing for the 
supplied RGB image data for each frame, and stores the result 
to the frame memory 830. And, the sub-field data Dsf is supplied 
to the address drivers 89A and 89B according to the timing signal , 
which is not illustrated, from the scan controller 81. 

The scan controller 81 supplies the timing signal to the 
scan driver 86 during the address period TA according to the 
above mentioned synchronization signal to be supplied. The 
common driver 82 supplies predetermined timing signals to the 
X and Y common drivers 8 5 and 87 during the reset period TR and 
the sustain discharge period TS. The common driver 82 includes 



a function to control the drive frequency of the sustain 



discharge pulse during the sustain discharge period so that 



overall power consumption does not become higher than a 



predetermined value. 



This power consumption can be detected, for example, by 
the current to be consumed by the power supply circuit 84. The 
po wer cons umption^^^ load f actor^an also 

be detected by the X common drj-verjft ^^ a drive pulse^ 

with the drive frequency to the X electrodes during the sustain 
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discharge period. In this case, a power detection part 92, 
illustrated in Fig. 8, detects the power consumption of the X 
common driver 85. 

In the first embodiment, when the power consumption PWl 
increases, as shown in Fig. 5, the signal intensity adjustment 
unit 91 adjusts the intensity of the green image signal included 
in the image signal to be decreased according to the change of 
power PWl in the sustain discharge period detected by the power 
detection part 92. Or, the signal intensity adjustment unit 
91 adjusts the intensity of the blue image signal included in 
the image signal to be increased. 

When the power consumption PWl decreases, as shown in Fig. 
5, the signal intensity adjustment unit 91 adjusts the intensity 
of the green image signal included in the image signal to be 
increased. Or, the signal intensity adjustment unit 91 adjusts 
the intensity of the blue image signal included in the image 
signal to be decreased. 

After the intensity of the green and/or blue image signals 
are adjusted, the image signals are supplied to the data 
processing circuit 83. Therefore, the col or temperature value 
and the deviation of white are maintained a roughly a t a con stant 
regardless the level o f power consumption . 

The intensity of green and blue image signals can also be 
adjusted within the data processing part 83. For example, the 
intensity of green and blue image signals can be adjusted for 
correction by increasing or decreasing the output value of the 
gamma table during gamma conversion. By using the signal 
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intensity adjustment unit 91, a conventional data processing 
circuit 83 can be used as is. 

A green and blue grayscale correction, similar to above, 
may be executed based on overall power fluctuation detected in 
the power supply circuit 84. 

Fig. 9 is a drawing depicting a configuration example of 
the PDP and the drive unit according to the second embodimen t. 
The configuration of the drive unit 80 is almost the same as 
the first embodiment in Fig. 8 . The difference is that the image 
data DF for each field from the outside is supplied to the signal 
intensity adjustment unit 91 as well as to the signal intensity 
detection unit 93, The signal intensity detection unit 93 
monitors the intensity of RGB image data, for example, and 
detects the accumulation of the intensity value f or one field. 
By ^his, the displa y load factor of a PDj_jran_be^ i^^ 
detec ted. 

The signal intensity information (data) detected by the 
signal intensity detection unit 93 is supplied to the signal^ 
intensity adjustment unit 91. When the detected signal 
intensity increases, the signal intensity adjustment unit 91 
adjusts the intensity of the green image signal included in the 
image signal to be decreased, as mentioned above. Or, the signal 
intensity adjustment unit 91 adjusts the intensity of the blue 
image signal included in the image signal to be increased. 

Or, when the detected signal intensity decreases, the 
signal intensity adjustment unit 91 adjusts the intensity of 
the green image signal included in the image signal to be 
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increased. Or, the signal intensity adjustment unit 91 adjusts 
the blue image signal included in the image signal to be 
decreased. 

After the intensity of the green and/or blue image signals 
is adjusted, the image signals are supplied to the data 
processing circuit 83. Therefore, the color temperature value 
and the deviation of white are maintained roughly at ^^_gg]^stant 

regardless the leyjgjLgf^^PQ^^^ ^^^^^ ^Pj'A^^ * 

Fig. 10 is a drawing depicting a configuration example of 
the PDP and the drive unit according to the th ird embod iment. 
The configuration of the drive unit 80 is almost the same as 
the first embodiment in Fig. 8 . The difference is that the drive 
frequency detection unit 94 for detecting the drive frequency 
of the sustain discharge pulse in the sustain discharge period 
is disposed and the drive freque ncy f detected by the drive 
frequency detection un it 94 i s supplied to the signal intensity 
adjustment unit 91 and the data processing circuit 83 . The drive 
frequency detection ujait 94 d etects, for example, the_,average 
of the number_of^ sus tai n jdj^s charge pulses per unit time, and 
supplies the drive frequency data f to the signal intensity 
adjustment unit 91. 

As Fig. 5 shows, the drive frequency f decreases as the 
display load factor increases. This is because the common 
driver controller 82 of the drive unit controls the drive 
frequency, as shown in Fig. 3, so that the power consumption 
does not become excessively high. Therefore, by m onitoring the 
drive frequency f, the display load factor can be indirectly 
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monitored. Also, depending on the drive frequency f , the RGB 
fluorescent substances present the saturation characteristics 
as shown in Fig. 4. 

So, when the drive frequency f decreases, the signal 
intensity adjustment unit 91 adjusts the intensity of the green 
image signal included in the image signal to be decreased. Or, 
the signal intensity adjustment unit 91 adjusts the intensity 
of the blue image signal included in the image signal to be 
increased. 

Or, when the drive frequency f increases, the signal 
intensity adjustment unit 91 adjusts the intensity of the green 
image signal included in the image signal to be increased. Or, 
the signal intensity adjustment unit 91 adjusts the intensity 
of the blue image signal included in the image signal to be. 
decreased. 

The drive frequency f detected by the drive frequency 
detection unit 94 may be supplied to the data processing circuit 
83 . In this case, the luminance of green or blue can be adjusted 
by adjusting, for example, the output values of the gamma table 
in the gamma conversion processing in the data processing 
circuit 83. 

The drive frequency f is determined by the common driver 
controller 82. Therefo re, the determined information on th e 
dr i ve f re que^ncy f may be suppl led to__ Uig_s^igjnLal_in ity 
adjustment unit 91 and th e data p rocessing circuit 83 to^make 
the above mentioned correction. 

The fourth embodiment will now be described. In the fourth 
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embodiment, the drive frequency is monitored so that the drive 

frequency is limited within the frequency range fL shown in Fig. 

4. For this, the drive frequency detection unit 94 shown in 

Fig. 10 monitors the drive frequency and the detected drive 

frequency fl is fed back to the common driver controller 82. 

The common driver controller 82 controls the drive frequency 

so that the drive frequency f 1 to be detected is maintained within 

the frequency range fL shown in Fig. 4. 

By maintaining the drive frequency in the frequency range 

fL in this way, RGB fluorescent substances can be excited while 

avoiding the saturation characteristics. Therefore, the 

■ ^ 

change of color temperature and change of deviation of white 
depending on the fluctuation of the display load factor can be 



prevented, and the relative ratio of colors to display an optimum 
white can be constantly maintained. 

In the above embodiment, it is preferable to maintain the 
color temperature value of white to be displayed at +200K or 
less of the set value, and the deviation at set value ±0.005uv 
or less. 

In the above embodiment, if the chromaticity coordinate 
value of white to be displayed are set at the region of ±0.005uv 
from the color temperature curve denoted by the black body 
radiation curve, regardless the value of the display load factor, 
then a visually preferable white can be displayed because 
phenomena where white turns color depending on the display load 
factor does not occur. 

In the above embodiment, if the chromaticity coordinate 
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value during a white display is moved such that the color 
temperature increases and the deviation is maintained as 
constant as the display load factor increases, then a white with 
a high color temperature can be displayed, that is, a visually 
preferable white can be displayed, when the image load factor 
is high. 

In the above embodiment, if the saturation characteristics 
of the fluorescent substances shown in Fig. 4 differ, the 
intensity of each color must be adjusted accordingly. 

In this way, according to the present invention, the color 
temperature value of white can be controlled to within a 
predetermined range depending on the display load factor. Or, 
the deviation of the color temperature curve of white can be 
controlled to within a predetermined range. Therefore, an 
optimum white or a white close thereto can always be displayed 
and high quality images can be displayed. 

The protective scope of the present invention is not 
restricted by the above embodiments, but the claims and all the 
variations which come within the meaning of the claims are 
intended to be embraced therein. 
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